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I NTROUCT I ON

oamilne hdroxylas.'tE-.e-t-.t4-1.t(-D]H) catalyzes the biosyn-

teslis of noreplnephrine from dopamine in the biosynthetic pathway for

ceteckolemines. The enzyme is localized within the synaptic vesicles of

the sympathetic nerve terminals, the storage vesicles of adrenal medulla

chromaffin cells *?), and peripheral and central sympathetic nerve

terminals (2r The most frequently used source of the enzyme is the

bovine adrenal medulla, but It has been Isolated from sheep adrenals

(3', rat adrenals t4l,° human pheochromocytoma I3?>and human serum or

plasma (e1.f

The release of 014H accompanies the secretion of neurotransmitters

by exocytosis from the vesicles of sympathetic nerve terminals and from

the storage vesicles of adrenal medulla chromaffin cells '.Conse-

quently, the enzyme has been considered a potential marker for the study

of noradrenergic nerve and chromaffin cell functi on. There have been

many attempts to use serum DBH activity measurements as an index of

sympathetic nerve activity or associated adrenergic dysfunction (8).

- Levels of the enzyme are elevated in patients with pheochromocytoma and

decline after removal of the tumor. However, plasma levels vary widely

among Individuals. The variations may be related more to genetic

factors than to sympathetic nerve activity 't f -- C

Bovine and human 04BH have structural similarities. Both exist in

soluble and membrane bound forms (10), and are composed of four major

subunits with a total molecular weight of about 300,000. Under various

reducing or denaturing conditions species of molecular weights between

130,000 to 160,000 and species between 75,000 to 77,000 are obtained

(11, 12, 13). Only the tetrameric form of the bovine enzyme is active

while both the tetrameric and a dimeric form of the human enzyme seem to

be catalytically active species. There does not seem to be any Inter-

conversion of the two forms of the human enzyme (13).
There Is ample evidence that cold stress can have a profound effect

on the ability of troops to adequately wage a military campaign. The

recent experiences of the Royal Marines in the Falklands have been

documented by the British correspondents, Hastings and Jenkins, in their

book "The Battle for the Falklands" (14). They describe how cold



Induced problems of exhaustion, diarrhea, and trench foot severely

hampered the Marines' mission. There Is substantial evidence that

norepinephrine (NE) plays an important role in Initiating cold Induced

nonshivering thermogenesis (NST) In rats and other animals after

acclimation to cold (15). The levels of the norepinephrine synthesizing

enzyme, DBH, in serum may prove useful as an indicator of the degree of

cold acclimation In man. Although the plasma levels of DBH activity do

not seem to be a useful Indication of cold stress, the significance of

the active dimeric and tetrameric forms of the human enzyme is not clear

nor has the presence of isozymes been tested. Perhaps the levels of

these forms vary with the degree of cold accl-mati-ni This report

describes a purification procedure for human plasma DBH as a preliminary

step In the development of an analytical tool for studying the various

forms of the human enzyme in crude preparations, including plasma. This

may serve as the basis for continuing studies on the levels of DBH in

cold stress or acclimation and on ways to ameliorate the adverse effects

of cold stress. _ .
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EXPER I MENTAL PROCEDURES

MATER I ALS

Normal fresh frozen human plasma was obtained from a local blood

bank. Dextran sulfate, Red Sepharose CL-6B, and Concanavilln

A-Sepharose were purchased from Pharmacia Fine Chemicals. Trisacryl

M-DEAE was obtained from LKB and Blo-Gel A-0.5 M, electrophoresis grade

acrylamide, N,N-methylenebisacrylamide, SDS and TEMED were obtained from

Bio Rad Laboratories. Other chemicals were obtained as reagent grades

and used without further purification.

METHODS

Plasma fractionation units of fresh frozen human plasma was thawed

overnight at 4*C. A 1300 to 1800 ml volume of the pooled plasma was

adjusted to pH 7.0 by the addition of 500 ml of 0.08 M sodium phosphate,

2 M NaCI, pH 7.0. All subsequent steps were performed at 40C. Ten

milliliters of 50% (w/v) dextran sulfate in water followed by the

addition of 200 ml of 50% (w/v) polyethylene glycol were slowly added

over a period of 20-30 minutes with stirring to precipitate plasma

lipoproteins, globulins, and fibrinogen. The suspension was stirred for

at least 60 minutes or in some cases overnight, and the precipitate col-

lected by centrifugation at 5000xg in a Sorvall GSA rotor for 30 min-

utes.

Glycoprotein Affinity Chromatography: A 5 cm x 18 cm column of

Con A-Sepharose was equilibrated with 20 mM sodium phosphate, 500 M

NaCI, 0.5 mM MnCI2, 0.5 mM CaCI2, pH 7.0. The supernatant from the

previous step was applied to the column at a flow rate of 30 ml/h and

the column was washed with 2 to 3 L of 20 mn sodium phosphate, 500 M4

NaCI, pH 7.0 until the absorbanCe of the effluent at 280 mM was less

than 0.1. The bound DBH activity was eluted with a 1500 ml solution of

10% (w/v) a-methyl-D-mannopyranoside in 20 mM sodium phosphate, 500 wf4

NaCI, pH 7.0 at a flow rate of 60 ml/h.

Ion exchange chromatography: The enzyme fractions from the Con

A-Sepharose chromatography were pooled, concentrated and diafiltered

using an Amicon DC2 with a H2P 10-20 cartridge; 5 mM phosphate, pH 6.5

was used as the replacement buffer. Alternatively, the pooled fractions

were concentrated using an Amicon ultrafiltration device with a Pt4-30
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membrane. The preparation was dialyzed against several changes of 5 mm

phosphate buffer, pH 6.5 and then applied at 30 ml/h to a 5 cm x 15 cm

column of Trisacryl M-DEAE previously equilibrated with 5 mM phosphate

buffer, pH 6.5. The column was washed with the above buffer until the

absorbance of the effluent measured at 280 nm was less than 0.05. DBH

activity was eluted from the column with a 500 ml linear gradient from 0

- 200 mM NaCI In 5 mM phosphate, pH 6.5. Five milliliter fractions were

collected at a flow rate of 30 ml/h.

Red Sepharose Affinity Chromatography: The active fractions of DBH

activity from the Trisacryl M-DEAE column were pooled and applied

without dialysis to a 2.5 cm x 15 cm. Red Sepharose CI-6B column

equilibrated with 5 mM phosphate buffer, pH 6.5. The column was washed

with the same buffer and DBH was eluted with a 500 ml linear gradient

from 0 - 3.0 M NaCI in 5 mM phosphate, pH 6.5.

Gel Filtration: The active fractions from Red Sepharose CI-6B were

pooled and concentrated to a volume of 6 ml using an Amicon ultrafiltra-

tion device with a PM-30 membrane. The sample was applied to a 2.5 cm x

90 cm Bio-Gel A-0.5 M column equilibrated with 5mM phosphate, pH 6.5 and

eluted with this buffer at 15 ml/h. The eluted enzyme was again concen-

trated and rechromatographed on the column. The pooled enzyme fractions

were stored at 40C in the same buffer.

ANALYTICAL METHODS

Enzyme Assay: Dopamine-B-hydroxylase activity was measured using

the method of Nagatsu and Udenfriend (16). The standard reaction

mixture (total volume 1.0 ml) contained 200 ,moles sodium acetate, pH

5.0, 10 Umoles sodium fumarate, 10 Umoles freshly prepared ascorbic

acid, 50 Ug catalase, 1 umole pargyline, 30 umoles N-ethylmalelmide, 20

umoles tyramine, and 10-200 Ul of human plasma as enzyme. Reaction

mixtures containing no enzyme or enzyme plus 1 Umole fusaric acid, a

potent inhibitor of DBH activity, were run as blanks. The addition of

enzyme initiated the reaction. The reaction mixture was exposed to air

and incubated at 37*C In a water bath for 60 min with continual shaking.

The addition of 0.2 ml of 3 M trichloroacetic acid terminated the re-

action and the mixture was centrifuged at 2000 x g for 10 min. The

supernatant fluid was transferred to a small Dowex-50 (H+ , 200-400 mesh)
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column prepared using a disposable Pasteur ipet (0.5 cm x 10 cm) and

containing 0.20 ml packed volume of resin. The reaction tube and

precipitate were washed with I ml of water, and the washings transferred

to the Dowex column. After two additional 2.0 ml water washes the

absorbed amines were eluted with 2.0 ml of 4 M NH4OH. The octopamIne In

the eluate was converted to p-hydroxybenzaldehyde by adding 0.20 ml of

2% (w/v) NalO 4 solution. Excess periodate was reduced by adding 0.20 ml

of 10% (w/v) Na2S205 solution.

The absorbance was measured against 4 M NH40H at 330 nm In a

microcuvet with a 1 cm light path using a Varian D14S 90 spectrophoto-

meter. Various amounts of octopamine were carried through the isolation

and oxidation procedure to prepare standard curves. Absorbance was

linear with octopamine concentrations from 20-160 nm4.

Protein was measured using the method of Bradford (17) with bovine

serum albumin as a standard. Activities were expressed In International

units and specific activities were stated as international units per mg

of protein.

Polyacrylamide Gel Electrophoresis: Seven percent PAGE in a

discontinuous Tris-glyclne buffer system were performed according to the

method of King and Laemuli (18). Gradient gel electrophorests on

Pharmacia PAA 4/30 gels were run at pH 8.4 using a Tris-boric acid EDTA

buffer system according to the method described in the Pharmacia product

literature. Protein samples for SDS gel electrophoresis were prepared

by heating for 5 min at 950C in 1% SDS with 1% O-mercaptoethanol. The

protein bands were stained with Coomassie Blue R250.

RESULTS

Enzyme Purification: Purification of human plasma dopamine-0-

hydroxylase through the CON A-Sepharose stage is similar to the method

of Frigon and Stone (6). Dextran sulfate precipitated lipoproteins and

0-globulins, while polyethylene glycol removed fibrinogen and Increased

the capacity for chromatography on CON A-Sepharose.

The chromatography of DBH on CON A-Sepharose is shown in Figure 1.

The enzyme was released in a single peak after washing with a 10% (w/v)

a-methyl-D-glycopyranoside solution in 20 mM phosphate, 0.5 M NaCI, pH

7.0. CON A-Sepharose generally afforded more than a 40 fold purifica-

tion as shown In Table 1.
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Attempts to reproduce the purification step using Octyl-Sepharose

(7) were unsuccessful. When the pooled fractions from the CON A-Sepha-

rose column containing 0ON were applied to a 2.6 cm x 25 cm Octyl-Sepha-

rose column that had been equilibrated with 20 rai phosphate, 500 m1

NaCI, pH7.0, about half the 9BH activity and half the total protein

passed through the column, Indicating that the column was overloaded. A

0-50% linear gradient of ethylene glycol In the above buffer was used to

elute the bound 0BI activity but no activity could be recovered. Either

the enzyme binds too tightly to this resin, or it is very unstable in

the presence of ethylene glycol. Figure 2 shows the chromatography of

DBH on Trisacryl M-DEAE. Prior to applying the enzyme to the column It

was dialyzed against 5 M4 phosphate, pH 6.5. Dialysis afforded an

additional benefit since the removal of NaCI caused about half of the

non-enzyme protein to precipitate. This protein was removed by centri-

fugation prior to application of 0BH to the Trisacryl M-DEAE column.

A previou-, report (19) described the interaction of bovine DBH with

the dyes, Cibacron Blue and Procion Red. Both these dyes covalently

coupled to Sepharose CI-68 were tested as possible affinity columns.

Blue Sepharose Cl-6B was equilibrated with 20 n phosphate, pH 7.0 and

partially purified human plasma 09H was applied. The enzyme bound to

this column and more than 80% of the applied activity could be recovered

with a 0-0.5 M NaCI linear gradient in the above buffer but there was no

significant increase In the specific activity. Variations of the linear

gradient did not Increase the specific activity of the recovered DBH

activity. Red Sepharose CL-6B was more successful and it was incor-

porated Into the purification scheme for DBH yielding about a

50-fold puritication as seen In Table 1. It was not necessary to

dialyze the pooled fractions from the Trisacryl M-DEAE column since the

low salt (about 80 n 4 NaCl) did not Inhibit the binding of DBH to the

Red Sepharose CL-6B. The enzyme bound very tightly to this resin but

could be eluted at high concentrations of NaCI ahead of most of the

non-enzyme protein as shown In Figure 3.

Attempts were made to prepare an affinity column for human DBH

using Its substrate tyramine. Using the method described in the product

literature, Tyramine was coupled to Bio Rad Affi-Gel 10 using 0.1 M

NaHCO3, pH 8.1. This column failed to provide any purification since
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I
essentially all the applied protein and most of the applied DBH activity

passed through the column and was recovered with no increase in specific

activity.

Chromatography of the Red Sepharose CI-6B purified enzyme on a Blo-

Gel A-0.5 M column produced the elution profile as shown in Figure 4.

The major activity peak corresponded to a molecular weight of about 500K

daltons by gel filtration and yielded a major sharp band at 455K daltons

and a major diffuse band at 280K daltons on 4-30% gradient gel

electrophoresis (Figure 5). Rechromatography of the major activity peak

on the Bio-Gel A-0.5 M column (Figure 6) yielded only the sharp band at

455K daltons on gradient gel electrophoresis. Gel filtration chromato-

graphy of the Red Sepharose CI-6B fraction always produced a trailing

peak of enzyme activity. With many of the preparations a small peak

appeared containing DBH activity corresponding to a molecular weight by

gel filtration of about 45,000. In all cases described above the Bio-

Gel A-0.5 column had been equilibrated with 5 mM phosphate, pH 6.5. In

one preparation the column was equilibrated in the same buffer but also

containing 100 mM NaCI. None of the smaller molecular weight peaks

appeared, but when the major peak of activity was rechromatographed on

the same Bio-Gel A-0.5 column (but equilibrated in 5 mM Pi, pH 6.5

without NaCI) a small peak of DBH activity appeared corresponding to a

molecular weight of about 45,000. When the 45K molecular weight peak

was electrophoresed on a 4-30% gel, again two protein bands appeared, a

sharp band at 455K daltons and a diffuse band at 280K daltons. The

appearance of this 45K lower molecular weight peak containing DBH

activity was not consistent and in some cases would not appear with the

first chromatography on Blo-Gel A-0.5 but would then appear when the

major peak of DBH activity was rechromatographed under identical con-

ditions. In one preparation both the major peak of DBH activity and the

45K molecular weight peak of DBH activity were concentrated and incubat-

ed in the presence of SDS and O-mercaptoethanol. After electrophoresis

on a 7% SDS - polyacrylamide gel (Figure 7) the protein bands were

scanned using a laser densitometer. Both fractions yielded nearly

Identical electrophoretic patterns.
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Table 2. Specific Activity of Human Plasma DIN Preparations

Preparation Specific Activity (jmole/min/mg of protein)

Ikeno, et. al. (26) 0.019

Frigon, et. al. (29) 0.22

Frigon and Stone (7) 1.8

Mtras-Portugal, et. at. (28) 1.2

Von Tersch and ialk 7.8
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FIGURE LEGEND

Figure 1. a-methyl-D-mannopyranoside elution of human plasma DBH from

CON A-Sepharose.

Figure 2. Elution of human plasma DBH from Trisacryl M-DEAE.

Figure 3. Chromatography of human plasma DBH on Red Sepharose CL-6B.

Figure 4. Chromatography of human plasma DBH on Bio-Gel A-0.5.

Figure 5. Four-thirty percent polyacrylamide gel electrophoresis of

human plasma dopamine-0-hydroxylase at different stages of

purification. Lane 1, 9-molecular weight standards. Lane 2

- Con A-Sepharose eluate, Lane 3 - Trisacryl M-DEAE eluate,

Lane 4 - Red Sepharose CL-68 eluate, Lane 5 - first gel

filtration (500K dalton peak), Lane 6 - first gel filtration

(trailing of major DBH activity peak), Lane 7 - second gel

filtration (500K dalton peak), Lane 8 - second gel filtra-

tion (45K dalton peak)

Figure 6. Rechromatography of the major DBH activity peak on Blo-Gel

A-0.5.

Figure 7. Seven percent SDS-polyacrylamide gel electrophoresis of

human plasma dopamine-B-hydroxylase after second gel filtra-

tion. Lanes 1, 5, 9, 10 - molecular weight standards.

Lanes 2, 3, 4 - 500K dalton peak. Lanes 6, 7, 8 - 45K

dalton peak.
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